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Abstract 

We find explicit supergravity solutions which describe branes in the 
AdSs x S 3 background. These solutions preserve 8 of the 16 super- 
symmetries of this background, and are consistent with K-symmetry. 
These represent new i-BPS states of string theory. 
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1 Introduction 



One of the most interesting of the anti-de Sitter solutions of string theory is 
the AdSs x S 3 x T 4 solution which arises from embedding a stack of funda- 
mental strings within a stack of NS-5-branes. This solution is particularly 
useful because it is possible to write the action of a string in this background 
as a Wess-Zumino-Witten model on the group manifold SL(2,R) x SU(2). 
While the noncompact nature of SX(2, R) leads to subtleties, great progress 
in understanding the closed string theory has been made [Q. The open string 
theory on D-branes in this background has also been studied a great deal re- 
cently |2]. 

It has proven extremely fruitful in the AdS/CFT correspondence to be 
able to describe the same system in two different ways; as a solution to 
perturbative string theory and as a solution to classical supergravity. If this 
can be done, we can generate new dual descriptions of gravitational theories 
by gauge theories. We will therefore try to construct supergravity solutions 
for D-branes in AdS^, which will then be described in a dual description by 
a field theory. In the particular case that we shall analyze, the supergravity 
solution we find is believed to be dual to a defect conformal field theory on 
the boundary [3]. 

There have been several partial results in the previous literature for such 
classical supergravity solutions. Supergravity solutions for general intersect- 
ing branes were considered in |U El El 13 UH Hlj • Secondly, in [TJ| , brane 
probes were considered. The equations of motion derived from the Born- 
Infeld action were then solved to produce stable supersymmetric branes. 
Unfortunately, the latter approach only produces solutions to linearized su- 
pergravity. Since we want to construct the complete nonlinear solution, we 
will follow the general approach of U\ ■ 

There is an important feature of these branes that simplifies our task. 
It was shown in [T^], using boundary state arguments, that a D-3-brane 
stretched along an AdS2 x S 2 submanifold of the background satisfies the 
equations of motion and is | BPS; in other words it preserves 8 supercharges. 
Note that this is twice the number preserved by a system containing D3- 
branes, fundamental strings and NS-5 branes. The point is that in the near 
horizon limit, the supersymmetry is enhanced jT3]; AdS% x S 3 xT A preserves 
16 supercharges. A |-BPS brane in this background therefore preserves 8 su- 
percharges. We therefore expect considerable simplifications since the branes 
preserve a greater amount of supersymmetry. 
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In the following section, we analyze K-symmetry for the D-branes in 
AdS% x S* 3 . This analysis tells us which Killing spinors are preserved in 
the presence of the brane. Specifically, ^-symmetry informs us that the pre- 
served Killing spinors are found by applying a particular projector to the 
Killing spinors. 

We then use this to analyze the Killing equations. We require that the 
Killing equations be satisfied once the projector found above is imposed on 
the spinors. This then imposes constraints on the metric and field strengths. 
We can then solve these constraints to find the full solution. Since this 
procedure is rather tedious, we will simplify by assuming that the axion and 
dilaton are constant (we will look at the more general case in future work.) 

We find that the constraints can indeed be solved, and the explicit solution 
can be found. The sources are found to be localized at antipodal points on 
the S 3 and wrap an AdS2 in AdS^. This then provides a new |-BPS solution 
of super gravity. 

2 Imposing /v- Symmetry 

The AdS$ x S 3 x T 4 solution of type IIB supergravity can be obtained by tak- 
ing the near-horizon limit of the solution generated by fundamental strings 
and NS-5-branes. This system preserves 16 supersymmetries. We shall ig- 
nore the T 4 directions in the subsequent discussions (it is thereby implicitly 
assumed that all branes are smeared on the T 4 ). 

The metric of AdS% x S 3 in global coordinates with unit normalized radius 

is 



It was argued in from boundary state considerations that a D-3-brane 
could be added in a way which preserved one half of the supersymmetries. 
In this embedding, the geometry of the D3-brane is AdS2 x S 2 . With a 
particularly simple choice of parameters 3 , the D3-brane stretches along the 
coordinates (r, oj,(j), %), with the coordinates ip and 9 appearing as trans- 
verse scalars. We can then find a brane solution by solving the Born-Infeld 
equations of motion. 

3 q = in the notation of 



ds 2 = dip 2 + cosh 2 -0 (duj 2 — cosh 2 udr 2 ) + 




(1) 
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We need to know the background fields. The relevant part of the B NS 
background is 

— 1 / sin2#\ 
B 4>x = 2~ J Sm ^ 

— If, sinh2zA 

B TW = + — ^Jcoshw (2) 

We can also turn on a magnetic flux on the D-3-brane of the form 

Ana'Ffa = —npsmcj) (3) 

where p is constant. The Lagrangian for a D-3-brane embedded in this way 
is 



L D bi = -7W-detM (4) 

where 

V- det M = N(i;)L(6) cosh uj sin 6 

i 

L{6) = (sin 4 ^+^-^-7r^ 2 

N&) = Uosh^-^+^^V . (5) 

The solution of the 8 equation of motion is then 6$ = ftp. Similarly, we can 
solve the ip equation of motion by setting ip = 0. 
If we set 

a = - sin 2np = sin 9 cos 9 

b = sin 2 np = sin 2 9 (6) 

then 

L%) = sin£ 

^4>x = ~2 sin 2(? o sin </> (7) 

We now discuss the supersymmetries preserved by this brane. For this 
we need the ^-symmetry projector T. This is found by jT^I 

cf+^r = -e-^BB/e* 7 A X\ vol , (8) 
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where 



We see that 



x = 0r M r/, 

n 

iij} = —tip 

r (n) = ^r-A.-ACr,,..^ (9) 



[ary T0J KI - bj TUJ< p x K 2 I 



Va 2 + b 2 

= ~i(cos 9 JtujK + sin 9 ^ TU}4>X ) (10) 

It may be verified that T is traceless and T 2 = 1. This implies that 8 
of the Killing spinors (pulled back to the worldvolume of the brane) will be 
invariant under the K-symmetry projection Te = e. 

This is not the end of the story, though. The Killing spinors of AdS^ x S 3 
in global coordinates can be written as 

(hi) \ (he \ . 

e = exp I ~^lru>K I exp I —^^ X K I i? o (0, X, r)e , (11) 

where eo is an arbitrary 16-component constant spinor satisfying 7 2345 eo = eo, 
Rq is invertible and where h = — 1. Since the ^-symmetry projection Te = e 
is imposed on the brane, the projection can be written explicitly as 

(hO \ ( h6 \ 

-yWta-Kj Ro(<P,X,u,r)e = exp f -J^aJ R ((j>,x,u},T)e (12) 

Since we want to find the projection on the full spinor e, we still need to 
conjugate by the (ip,9) dependence of the Killing spinor to find the invariant 
Killing spinor throughout the space. 
Defining 

A = exp (<frjc) exp (^ x k) exp exp U^k) , (!3) 
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we see we can rewrite the above projection (|12|) as Te = e where 4 

f = A _1 rA = — . 1 (cosafl + sinafl7frjr) 

V a 2 + b 2 



x (cosh 5ip + sinh 5tpj TW K) *y TUJ (aK + 67^) (14) 



We then have 



(l+f)e = [1 - i(M + N ln ,K + O^K + Pl™to)]e 
M = = (a cos 58 sinh 5if) — b sin 5$ sinh 5^>) 

AT = : (a cos <56> cosh 5ip — b sin 58 cosh 5<0) 

V a 2 + b 2 

O = = (a sin 5 8 sinh 5 ip + b cos 58 sinh 5 ip) 

V a 2 + b 2 

P = .(asm 58 cosh 5i/j + b cos 58 cosh 5ip) (15) 

V a 2 + 6 2 

which reduces to 

M = sinh ^) cos 8 N = cosh -0 cos 8 

= sinh?/) sin 8 P = cosh ip sin 8 (16) 

Note that the 8 dependence of the space-time projector has dropped out. 
For any location 8 Q of the brane, the Killing spinors preserved by K-symmetry 
are the same. 

Using this projection and Hodge duality, one can rewrite the projection 

as 

j TUJ Ke = (A + B li>e )e (17) 



where 



. coshV> , . , , . m 

A = ~1 TX~i [smh ip + t cos 8) 

(cosh ip — sin 8) 

% sin 8 

B = < V,2 / ( Sinh ^ + * COS 0) ( 18 ) 

(cosh ip — sin 8) 



4; 



= 6 — 8q. To connect to more general embeddings, we also write Sip — ip — ipo, 



although in this case ipo = 0. 
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3 The Killing equations 

We will impose the projection |(l + f)e = e and demand that the spinors 

which satisfy it are solutions of the Killing equations. This will generate a \- 
BPS solution. 5 Note that because the choice of Killing spinor is independent 
of #o (and presumably vjj ), the solution may correspond to a smeared brane, 
and not one necessarily localized at the place originally anticipated. 
The Killing equations are of the form 

d»e - \uf loh + ^F>% cde e* - ^e*(G abc ^ abc - 9G* 7 «*K = (19) 
For example, the ip Killing equation is 6 
9 -fl^ - ^JV - l -F^ lT ^ xe e + % -F^ lMx e 

4 (-\*¥w + ^G^^e* - l -e*G^ 9 1<Pxe e^ (20) 

where the bars over expressions indicate that the expression is to be evaluated 
in the unperturbed background AdS solution and where we have made the 
ansatz e = f(ip, 9)e. The other Killing equations are entirely similar. 
The axion-dilaton equation is 



+^G^ 4>x e* + l e *G**W = 

l -e*G^^ T e* + l -e*W^ 1(t>xe e* (21) 

5 We assume that no field strengths have indices along the T 4 unless they have indices 
in all those directions, and can thus be related to a field with no such indices by Hodge 
duality. 

6 /i is a curved space-time index, while [i is a tangent-space index. We use the notation 
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We shall now assume that $ = 0. Then (J21)) is solved by the ansatz 

$ = 

tu) _ Q<t>X 9 

We can now return to the other Killing equations. In each of them, we 
first impose the projector (|17p. The Killing equation then becomes a matrix 
equation which is to be satisfied identically. Thus the complex coefficient of 
each matrix must be zero. In this way, each Killing equation leads to two 
complex algebraic equations. 

For example, the ijj Killing equation, after this procedure, leads to the 
equations 

M + Ipr^xe + l _ e $ (sg^ tuj A + G TUjd B - 3G^ X B + G^ xe A) = 

+ ^ e *Q*™ A + % _ e *G M A (23) 
8 8 

and 



-u^ + -F^ x + -e* (3G^B - G TU>e A + 3G^ X A + G^b] 



--uj, 



-i/>e 



+ 3-e*G^™B + -e^G^B (24) 



By taking linear combinations of these equations such that the barred 
field strengths cancel, we obtain the equations 

and 

2 M + u h> = 2^1 + utf = 0, (26) 

which tells us that 

^4 = 4% (27) 
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One can substitute all of this back into the Killing equations to derive 
further relations involving the barred quantities, such as 



V(3g*™ + gw)(^4|4 = M + L^-L^S 
8 1 \4 f 2 2 ^ 

+ « F t^ X + l e ® B ( G ™e _ G ^ x y ( 2 8) 

These relations allow us to determine the entire solution, including the 
fact that S{9) = T(ip) = const. 

Defining 7 = sin 9 cosh ip — (3 cosh 2 -0, the complete solution for the metric 
is found to be 

ds 2 = H^d9 2 + sin 2 9(d(/) 2 + sin 2 (pdx 2 ) 

+ H^di> 2 + cosh 2 V>(<^ 2 - cosh 2 oodr 2 ), 
H = (-^— ) 2 . (29) 

and the field strengths are 

G™ 9 = -G^ x = - . 1 ( + i cot tanh t/> J 

2^07(1 + 07) \sm 6> / 

Cr lrr U = G 4>x9 = -l^^- (l- \y^) ( 3 °) 

where c is a constant of integration. 

One may verify that the Bianchi identity dG = is satisfied away from 
= 0. We may thus write G = dC, where 



_ if, sinh2-0 sinh-0coshc<;\ cosh a; 

Cf* = t U + + — Q + — — COttf 

2 \ 2 c sin. 9 J 2c 

„ if. sin 29 cos0sin0\ sin</> . , 

Ct- = - [0 + — — tanh^ 31 

^ 2 V 2 ccoshV' J 2c r K J 

The gauge fields are singular at 9 = 0, tt, indicating a source there. The 
net Dl-brane charge may then be found up to a normalization constant to 
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Q = Re J dWi X G m = - / d*-^ = - (32) 

It is also easily seen that the 3-brane charge is zero. The sources can thus 
be interpreted as string-like objects wrapping the (r,u) directions in AdS%, 
and sitting at antipodal points 9 = 0, % on the S 3 . 

To conclude, we have found a new solution of supergravity, representing 
a brane in an AdS% X S* 3 background, which preserves 8 supersymmetries. 
The preserved killing spinor is independent of the embedding parameters 
Oo,ijjo, demonstrating that the sources can be smeared or superposed without 
breaking additional supersymmetry. 

The specific case we have analyzed has no 3-brane charge. It is likely 
that generalizing our ansatz to more general cases with nonconstant scalar 
fields will produce solutions involving three-branes as well. We will explore 
this possibility in future work ^E]- It will also be interesting to analyze the 
implications for the dual defect conformal field theory. 
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4 Appendix: Notation 

In [T7| e is a 32-component complex spinor in mostly - signature, whereas 
[T5j uses €l,r, each of which is a 16-component Majorana spinor in mostly + 
signature. 

Considering the case of Type IIB, if we choose the 7's to be real and 
define 

l± 7 n 
tR = Re{ — 2 — e ) 

1 ± 7 n 
e L = Im{ — - — e) 

Y = iT 1 * (33) 

then the conventions are consistent. 

We use the notation of [El, but will switch to mostly + signature. In the 
brane action, we use the same sign convention as ^Hj • 
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